Toona ciliata is an important timber species of India which is found in H.P. as natural populations, mostly along the cultivated fields and roads. The present studies on various facets of reproductive biology were conducted under the Dept. of Tree Improvement and Genetic Resources during 2011 in which three sites namely Jaunaji, Dharja and Kandaghat with elevations 1400 m, 1215 m and 1180 m respectively in district Solan. The studies included full coverage of phenophases as a physiological basis of reproductive growth. The phenological studies included the morphological characters such as leafing, flowering and fruiting in which leaf bud appearance was first observed in L 2 (Dharja) followed by L 1 (Jaunaji) and L 3 (Kandaghat). Fruit development at first instance was recorded in L 1 (Jaunaji), L 2 (Dharja) and the lastly from L 3 (Kandaghat). The floral morphology was also one of the parameter in which the type of inflorescence was observed to be consisting of numerous flowers born in thyrse bearing paniculate racemes at the apex of the branchlets bearing compound leaves. The flowers are functionally unisexual but morphologically bisexual. Calyx is polysepalous. Corolla was found to have five equal sized petals which were longer than the calyx and adnate near the base. Anthesis of flowers was observed to take place between 7.00 a.m. to 1.00 p.m. for all the three localities. The mode of pollination was observed to be both cross and self pollination but tends to be out crossed.The pollen grains exhibited a light creamish colour. Pollinators were found to be thrips and bees.
Introduction
Toona ciliata belonging to family Meliaceae, is the best known Indian timber species, popularly known as toon and red cedar. The other timber yielding species of the genus occurring in India are Toona febrifuga, T. microcopa and T. serrata. Meliaceae is in fact the backbone of forest industries in many countries (Bahadur, 1988) . In India it is found throughout the Sub-Himalayan tract and the valleys of the outer Himalayas, plains of Assam, Madhya Pradesh , Tamil Nadu, Karnataka, Eastern and Western Ghats occurring up to an elevation of 1200 m (rarely 1300 m) in western peninsula Khasihills and Manipur (Singh, 1982) . It is a characteristic tree of Eastern alluvial secondary semi-evergreen forests in Assam (Champion and Seth, 1968) , ecologically tree is restricted to the site where the absolute shade temperature varied from 37.5−47.5 °C and the absolute mean from -1-17.5 °C, the annual rainfall ranges from 1100−4000 mm. Most of the plants bearing biological activity one such species is Toona ciliata (Meliaceae) which has been exploited for many traditional uses like construction purpose, dye preparation, furniture, medicines etc., (Negi et al., 2011) . Toona ciliata along with Siderin, a compound isolated from petroleum ether extract showed significant antibacterial activity and also exhibited significant cytotoxicity (Chowdhury et al., 2003) . The plant extract also showed gastro protective activity (Malairajan et al., 2006) . The inhibitive effects on formed protein nonenzymatic glycation an end product was studied from the ethanolic leaf extract (Shao-Hong, 2010) Cedrelone, a tetra nortriterpenoid, isolated from Toona ciliata (Gopalakrishnan et al., 2000) . Success of tree improvement generally depends upon the combination and expression of characters in the new genotypes which holds the key for boosting the productivity and yield of the economic product. In this context, regulation of variation through reproductive system forms the basic approach which is dependent upon the information pertaining to reproductive biology as the biological process. Therefore, the studies on reproductive biology and breeding system are pre-requisite for developing appropriate strategies for tree breeding. There is a felt need to take up the detailed study of Toona ciliata-a multipurpose, timber species, particularly because of its typical inflorescence showing indeterminate growth pattern.
Materials and Methods
The present investigation entitled "Reproductive biology of Toona ciliata M. Roem" was carried out in the Department of Tree Improvement and Genetic Resources, Dr. Y.S. Parmar University of Horticulture and Forestry, Nauni-Solan (H.P) during 2009−2011 Three locations were randomly selected for study of phonological such as leafing, flowering, fruitingand morphological studies such as floral morphology,floral biology and breeding system of Toona ciliata. The locations selected were Jaunaji (L 1 ), Dharja (L 2 ) and Kandaghat (L 3 ) and from each locations 9 medium sized trees were selected.On each tree 5 branches were tagged/marked with metallic tags and numbered from 1−5. Further it is important to mention here that the selected trees were not lopped in the previous year as well as during the study period.
These studies were conducted on the three selected sites represented by 9 trees from each location in district Solan, H.P. Table 1 (a) and Figure 1 . Five branches and five inflorescences were marked with tags for studying the following phenophases and floral characteristics. To determine the breeding system matured flower buds were taken from the inflorescence on watch glass and gently tapped for pollen and pollination study. Also flower buds expected to open next day were collected, anthers removed and kept on a piece of butter paper under partial shade for dehiscence. Pollen grains thus collected were put in glass vials and kept at room temperature (25 °C). To study the pollen morphology the occular micrometer were standardized with stage micrometer. Pollen grains were dusted on the slides uniformly with the help of aceto carmine stain (1%) and covered with a cover slip. The measurement of pollen grain was recorded with ocular micrometer. The activities of flower visitors/pollinators were carefully observed throughout the flowering period on the trees, inflorescences collected in paper bags, the pollen vectors collected and identified. For studying the self-incompatibility, five inflorescences per tree on all the nine trees from each locations were allowed to self-pollinate by putting a pollination bag on initial stages of floral bud development. 
Phenological studies
The selected sites were frequently visited after marking the branches in the selected trees. The morphological changes, in the shape and size of leaf buds during the development were recorded from the time of emergence to the full leafing stage. Leaflet number of five leaves from different shoots per 
Results and Discussion

Phenological studies
The phenophases in all the three sites under study exhibited variable leaf flushing time vis-a-vis floral development periods which can be attributed to more of the prevailing environmental variables and locality factors responsible for wood characteristics and tree physiology. The studies can be supplemented by the findings of Heinreich and Banks (2006) where the time period between rejuvenation of growth and leafless period influenced the growth reaction in early wood and late wood (Table 1) .
Regarding the leaf flushing, one week time interval was observed which was useful and could be utilized for dendro climatological investigations, at different sites. Apart from physiological basis of growth cessation and activation deciding leafless stage, the response of individual trees for prevailing climatic conditions was also noted however the results have been documented on locality/site basis showing time interval and days taken to complete the phenophase.
Non significant effect of leaflet size (Table 2 ) but significant result for trees within the sites indicates the individual tree variation for this parameter as a matter of inherent potentials. The number of leaflets was found to register significant variation on flower morphology could be traced. However the flower bud size and corresponding floral parts were found to indicate the relative dimensions of floral parts enclosed within it; at different positions of the panicle (Table 3) . This was assigned reason of morphological size differences observed between them owing to differential patterns of organ elongation and relative slow growth occurring proportionately in the floral parts at later stages of inflorescence growth when the panicle follows indeterminate growth pattern. The inflorescence growth was considered to be further influenced by the scarce and shared translocation of mineral nutrients. Similar findings are reported by Gouvea et al. (2008) while variation for both the factors i.e. sites and tree within the site; therefore better number of leaflets per leaf can be taken as a selection criterion while improving lean period fodder tree species. The floral bud and inflorescence development of this species was focused to locate variation if any but no striking studying the floral development in the tribe Cedraleae: Cedrela and Toona. Flower buds developed on current years shoot growth, whereas few buds are also seen on one year old branches. Nath and Randhawa (1959) reported similar bearing habit in different Pomegranate cultivars.
Floral morphology
Flower buds were found in cymose clusters 3 in number.
The buds were elongated and conical in shape. Such type of bearing has also been reported by Dasarthy (1951) .Anthesis brings about exposure of anthers and stigma to the pollen vector. Flowers ordinarily open and close at definite hours.
In Toona ciliata, the present investigation showed that the flower open between 7 to 1 pm the time of anthesis is effected by the increase and decrease in temperature. Almost similar timings had been observed in different tree species by various workers viz., Srivastava (1983) (Table 4 and 5). The present investigation revealed that the dehiscence of anthers took place in a longitudinal fashion. The maximum anther dehiscence was observed Srivastava (1983) while working on Butea monosperma (Palash) also found that anther dehisced between 5 to 6 am. Sareen and Vashisht (1982) established in Delonix regia that anthers dehisced by longitudinal slits occurring between 10:30 to 11:30 am and 3:30 to 4 pm. Stigma became receptive to the pollen germination 1 day after initiation of anthesis. Stigma receptive period extended to full blossomed flower (Table 6) . Similar mode has been observed by Randhawa and Das (1962) in Grewia asiatica where stigma was fully receptive on the day of anthesis. Srivastava et al. (1987) in Moghania chappar and Pant et al. (1997) in Grewia optiva, where the receptivity of stigma range from 24 hrs before anthesis to 12 hrs after anthesis. Chauhan et al. (2004) in Dalbergia sissoo observed that stigma became receptive few hours before anthesis and Singh and Gupta, 2017 
Breeding system
Pollination mechanisms in plants have a decisive bearing upon rational procedure in plant breeding activities. The nature of the assemblage of genotype depends to a high degree on extend of natural recombination of traits, genetic uniformity within a population, degrees of homozygosity all being subjected to the past and prevalent modes of pollination. Isolation or selection procedure must be based on the behaviour of the individual or population of phenotypes. Sexual hybridization finally constitutes controlled pollination, implementation of which obviously depends on pollination, which is extremely important for seed yield where seed set is required. The present findings are supported by the observations of various workers viz., Bryndum and Hedegart (1969) in Teak. Taroda and Gibbs (1982) in controlled pollination experiment of Sterculia chica found that the species is a self incompatible one. Ramirez et al. (1984) in Bauhina ungulate reported genetically self incompatible and functionally andromonoecious. Bawa et al. (1985) found that majority of trees species in the rain forest appear to be an obligate out crossing ones. Pant et al. (1997) observed that Grewia optiva is predominantly a cross pollinated species, Bhattacharya and Mandal (2000) in Bombax ceiba detected no fruit setting in netted and bagged flowers, and reported that some external agents are required for successful pollination. Similar observations have been recorded by Hicks et al. (1985) in Mitchella repens. Pollen morphology was recorded as (3)4-colporate, isopolar, radiosymmetric, small; circular to slightly prolate oval (often±depressed or compressed oval, i.e., poles or sides slightly flattened), rarely oblate. Kodela (2000) found the similar pattern of pollen morphology in Synoum glandulosum, Toona ciliata and Legne phoramoorei.
The results for pollen size studied from flowers of individual trees were found to show non significant size variation. Also the same results were recorded for site to site variation which suggests that pollen size remains the same irrespective of location and individual tree variability (Table 7) . Studies revealed that self pollination facilitated through control pollination led to successful seed setting which suggest that there is no self incompatibility in this species (Table 8) .
The results on fruit set shown in Table 8 revealed that the seed appeared well after bagging. It could be concluded that Toona ciliata is self compatible and selfing had taken place. The present findings are supported by Dolidez and Joly (1997) who studied Carapa procera population located within a sylvicultural trial in French Guiana and found that a significant fraction of the offspring were produced by selfing. It is also further supported by Bawa (1992) that C. procera is self compatible. Lemes et al. (2007) also found that Swietenia macrophylla seems to have adaptations that preferentially namely inflorescence length and flower number (r=0.94) was recorded which is supported by the findings of Michael et al. (2002) in Lycopersicon pimpinellifolium that phenotypic correlations among traits such as flowers per inflorescence; petal, anther, and style lengths; and lengths of the fertile and sterile portions of anthers were all positive. The other parameter viz. leaflet number per leaf and fruit setting were found to be least correlated which reflects that the leaflet character is much influenced by vegetative growth and least by the culmination of reproductive growth into fruit formation.
Conclusion
Toona ciliata may be worked for phenotypic selections, individual tree superiority and inflorescence characteristics through appropriate selection procedures and the reproductive biology also offers a vast potentiality for improvement of the species produce outcrossed progeny but also allow for selfing.
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Genetic estimates
Genetic estimates for number of flowers, inflorescence length, fruit setting calculated revealed the heritability values (broad sense) of 0.41, 0.62 and 0.48 respectively. The leaflet size was also found to be under strong genetic control (0.57). Therefore, from Table 9 it can be inferred that these traits were under the strong genetic control supported by Dean and Burdon (1991) .
Correlation studies
The expression of a character is sum total of the contribution of so many other character and therefore, screening or selection should be done on the basis of components contributing towards that character. The biometrical tool for helping this is correlation which gives the nature and degree of association between various traits. So, the knowledge of association of different characters is the first hand information for any improvement programme (Table 10 ). Positive and significant correlation among various floral characteristics Singh and Gupta, 2017 
